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(57) ABSTRACT

A signal processing device is provided. The device includes a
signal input unit for receiving reception signals obtained from
transmission signals reflecting on one or more objects, a pulse
compressor for pulse compressing the reception signals, an
interference detector for detecting a reception signal caused
by interference, from the pulse-compressed reception signals,
a signal level controlling module for controlling a level of the
detected reception signal, and an interpolation processing
module for interpolating the level-controlled reception signal
in an azimuth direction.
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SIGNAL PROCESSING DEVICE, SIGNAL
PROCESSING METHOD, COMPUTER
READABLE MEDIA STORING SIGNAL
PROCESSING PROGRAM AND RADAR
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. 2012-138412, which was
filed on Jun. 20, 2012, the entire disclosure of which is hereby
incorporated by reference.

TECHNICAL FIELD

The present invention relates to a signal processing device
for performing various kinds of processing on a reception
signal.

BACKGROUND OF THE INVENTION

Conventionally, with radar apparatuses, pulse compression
is performed on reception signals to improve a resolutionin a
distance direction (JP2008-096337A). The reception signals
include a signal (interference signal) which is caused by an
influence of, for example, an electromagnetic wave transmit-
ted to a ship equipped with the radar apparatus from another
ship and does not continue in an azimuth direction.

Therefore, processing of removing an interference compo-
nent from the reception signals (e.g., processing of replacing
the level of a sudden high level signal to zero).

However, depending on the contents of the interference
removing processing, an appropriate echo cannot be dis-
played. For example, as described above, when the level of
the reception signal determined to be the interference com-
ponent is replaced to zero, only the part of the reception signal
becomes zero. Therefore, an image with a partial lack of echo
image is displayed, and results in degrading a display quality
as the radar apparatus.

SUMMARY OF THE INVENTION

Thus, the present invention is made in view of the above
situation, and provides a signal processing device that appro-
priately interpolates for an interference component while per-
forming a pulse compression.

According to an aspect of the invention, a signal processing
device is provided. The device includes a signal input unit for
receiving reception signals obtained from transmission sig-
nals reflecting on one or more objects, a pulse compressor for
pulse compressing the reception signals, an interference
detector for detecting a reception signal caused by interfer-
ence, from the pulse-compressed reception signals, a signal
level controlling module for controlling a level ofthe detected
reception signal, and an interpolation processing module for
interpolating the level-controlled reception signal in an azi-
muth direction.

Interference has a characteristic in which its level sharply
rises and then sharply falls in the azimuth direction. In the
pulse compression, a correlation calculation between a refer-
ence signal (such as the transmission signal) and the reception
signal. Therefore, although the interference component is
extended in a distance direction after the pulse compression,
the characteristic in which its level sharply falls after sharply
rising in the azimuth direction does not change.
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The interpolation processing module may interpolate the
level-controlled reception signal in the azimuth direction by
integrating the level-controlled reception signals.

The interference detector may also detect a signal caused
by interference before the pulse compression, from the recep-
tion signals inputted into the signal input unit. The signal level
controlling module may control the level of the reception
signal detected by the interference detection before the pulse
compression.

The interference detector may include a level change
detecting module for detecting a level change between the
reception signals from sampling locations close to each other
where the distances from an antenna are substantially the
same but the azimuths from the antenna are different, the
antenna receiving the reception signals. The interference
detector may also include a pattern output module for com-
paring the level change with a predetermined reference pat-
tern and outputting a level change pattern. The interference
detector may also include an interference determining mod-
ule for determining the interference based on at least two of
the level change patterns.

The pattern output module may compare the level change
of the reception signals from adjacent sampling locations
with the predetermined reference pattern.

The pattern output module may classify the pattern into
one of a first pattern in which the level change exceeds a first
threshold, a second pattern in which the level change is below
a second threshold, and a third pattern in which the level
change applies to neither the first pattern nor the second
pattern.

The interference determining module may output an iden-
tified signal indicating interference when the pattern changes
from the first pattern to the second pattern.

The interference determining module may output an iden-
tified signal indicating interference when the pattern changes
from the first pattern to the third pattern.

The interference determining module may output an iden-
tified signal indicating interference when the pattern changes
from the third pattern to the second pattern.

The level change may be based on a difference value
between the levels of the reception signals adjacent to each
other in the azimuth direction.

The interference determining module may output an iden-
tified signal indicating interference when the third pattern
following the first pattern and a group of at least two of the
continuous third patterns exist.

The interference determining module may output an iden-
tified signal indicating interference when a group of at least
two of the continuous third patterns and the second pattern
following the third pattern exist.

The interference determining module may output an iden-
tified signal indicating interference when a group of at least
two of the continuous first patterns exists.

The interference determining module may output an iden-
tified signal indicating interference when a group of at least
two of the continuous second patterns exists.

The level change detector may average the level changes in
the distance direction. The pattern output module may com-
pare the averaged level change with the level change pattern.

The level change detector may further detect a level change
between the reception signals from locations close to each
other where the azimuths from an antenna are substantially
the same but the distances from the antenna are different, the
antenna receiving the reception signals. The pattern output
module may output the most frequent level change pattern
within a predetermined distance range as the level change
pattern for the azimuth and the distance.
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The level change detector may further detect a level change
between the reception signals from locations close to each
other where the azimuths from an antenna are substantially
the same but the distances from the antenna are different, the
antenna receiving the reception signals. The interference
determining module may further determine interference
based on a plurality of level change patterns close to each
other in the distance direction.

The signal level controlling module may perform zero
conversion on the level of the reception signal caused by
interference.

According to another aspect of the invention, a radar appa-
ratus is provided. The apparatus includes an antenna for dis-
charging transmission signals using electromagnetic waves
respectively in each azimuth, and for receiving signals
obtained by reflecting on one or more objects. The apparatus
includes a pulse compressor for pulse compressing the recep-
tion signals. The apparatus includes an interference detector
for detecting a signal caused by interference from the pulse-
compressed reception signals. The apparatus includes a sig-
nal level controlling module for controlling a level of the
reception signal caused by interference that is detected by the
interference detector. The apparatus includes an interpolation
processing module for interpolating the level-controlled
reception signal in an azimuth direction.

According to another aspect of the invention, a method of
processing signal is provided. The method includes inputting
reception signals according to echo intensities of transmis-
sion signals, pulse compressing the receptions signals, detect-
ing a signal caused by interference from the pulse-com-
pressed reception signals, controlling a level of the reception
signal caused by interference that is detected by the detecting
the signal caused by interference, and interpolating in an
azimuth direction the level-controlled reception signal.

According to the echo signal processing device of the
aspects of the present invention, the interference component
can be appropriately interpolated while performing pulse
compression.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of example and
not by way of limitation in the figures of the accompanying
drawings, in which the like reference numeral indicate like
elements and in which:

FIG. 1A to 1C are block diagrams showing a configuration
of a radar apparatus of one embodiment of the invention;

FIG. 2 is a block diagram showing a configuration of a
signal processor when performing an interference detection
and an interference removal before a pulse compression;

FIGS. 3A to 3D are charts showing patterns of a level
change between sweeps;

FIGS. 4A to 4E are charts showing level change patterns
when an interference determination is performed using five
continuous sweep data in an azimuth direction;

FIGS. 5A to 5D are charts showing level change patterns
when the interference determination is performed using five
continuous sweep data in the azimuth direction;

FIGS. 6A to 6C are charts showing level change patterns
when the interference determination is performed using three
continuous sweep data in the azimuth direction;

FIG. 7 is a flowchart showing an operation of the radar
apparatus;

FIGS. 8A and 8B are views showing classifications of
change patterns taking samples in a distance direction into
consideration; and
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FIGS. 9A to 9D are schematic views showing an example
of'echo images when signal processing of the present inven-
tion is performed.

DETAILED DESCRIPTION

A signal processing device of one embodiment includes a
signal input unit, a pulse compressor, an interference detector,
a signal level controlling module, and an interpolation pro-
cessing module. The signal input unit receives reception sig-
nals according to echo intensities of transmission signals. The
pulse compressor pulse compresses the reception signals. The
interference detector detects a signal caused by interference,
from the pulse-compressed reception signals. The signal level
controlling module controls a level of the reception signal
caused by the interference that is detected by the interference
detector. The interpolation processing module interpolates
the level-controlled reception signal in an azimuth direction.

Interference has a characteristic in which its level sharply
rises and then sharply falls in the azimuth direction. In the
pulse compression, a correlation calculation between a refer-
ence signal (such as the transmission signal) and the reception
signal. Therefore, although the interference component is
extended in a distance direction after the pulse compression,
the characteristic in which its level sharply falls after sharply
rising in the azimuth direction does not change.

The signal processing device of this embodiment performs
the interpolation processing of the reception signal in the
azimuth direction after removing the interference component
(e.g., zero-replacement) after the pulse compression. Thus,
the reception signal does not sharply fall down in a certain
azimuth even when the interference removal is performed
after the pulse compression. In this manner, appropriate pulse
compression can be performed while easing an effect from
the interference.

Although various methods for the interpolation may be
considered, such as linear interpolation, the reception signal
after the level control may be averaged (integrated) in the
azimuth direction. Especially, by performing a coherent inte-
gration, the interpolation processing of removing the inter-
ference may be performed while improving the S/N.

The interference detector may also detect the signal caused
by interference before the pulse compression, from the recep-
tion signals inputted from the signal input unit. The signal
level controlling module may control the level of the recep-
tion signal caused by interference detected by the interference
detection before the pulse compression.

In a situation where an echo from a target object is not
included in the reception signals (only noise) and the inter-
ference component is contained in the reception signal, by
removing the interference before performing the pulse com-
pression, an unnecessary component such as interference will
not be produced after the pulse compression. In this case,
since interference will not be detected in the interference
detection processing after the pulse compression, another
processing, such as interference removal, will not be newly
required after the pulse compression. Note that, in the situa-
tion where the echo from the target object is contained in the
reception signals, even when the interference removing pro-
cessing is performed before the pulse compression, the signal
(s) will be partially lacked from the echo, and there is a
possibility that an unnecessary high level signal (two-dimen-
sional interference) is produced in addition to the echo due to
the correlation. Note that, such two-dimensional interference
will newly be detected as an interference component by the
interference detection processing after the pulse compres-
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sion, and the removal and interpolation processing is per-
formed. Therefore, an appropriate signal as the echo can be
obtained.

The interference detection is desired to be performed as
follows. Specifically, the interference detector may include a
signal level detecting module, a level change detecting mod-
ule, a pattern output module, and an interference determining
module. The signal level detecting module detects levels of
the reception signals in association with distance and azimuth
directions from an antenna. The level change detecting mod-
ule detects a level change between the reception signals from
sampling locations close to each other (e.g. difference value)
where the distances from the antenna are substantially the
same but the azimuths from the antenna are different, the
antenna transmitting the transmission signals.

The pattern output module compares the level change with
a predetermined reference pattern and outputs a level change
pattern. For example, the level changes are classified into
patterns such as reception signal data x(n-1) of a sweep n-1
is smaller than data x(n) of a sweep n which is next to the
sweep n—1(first pattern P), the reception signal data x(n-1) of
the sweep n-1 is larger than the data x(n) of the next sweep n
(second pattern N), and the level change applies to neither the
first pattern nor the second pattern (third pattern Z).

The interference determining module determines interfer-
ence based on at least two of the level change patterns. For
example, when a change pattern between the data x(n-1) of
the observing sweep n—1 and data x(n-2) of a sweep n-2
which is one sweep before the sweep (n-1) is the pattern P,
and a change pattern between the data x(n—1) and the data
x(n) of a sweep which is next to the data x(n-1) is the pattern
N, it is determined as interference. When it is determined as
interference, the interference determining module outputs an
identified signal indicating the interference. The signal level
controlling module receives the outputted signal, and the
interference is removed as described above. This is similar in
the following descriptions as well.

The interference may occur continuously for a plurality of
times in the azimuth direction. It may be determined as inter-
ference when the level change pattern between the data x(n-
1) of the observing sweep n-1 and the data x(n-2) of the
sweep n-2 is the pattern P, and the level change pattern
between the data x(n-1) of the observing sweep n-1 and the
data x(n-2) of the sweep n-2 is the pattern Z. It may also be
determined as interference when the level change pattern
between the data x(n-1) of the observing sweep n-1 and the
data x(n-2) of the sweep n-2 is the pattern Z and when the
level change pattern between the datax(n-1) and the datax(n)
is the pattern N.

From the above determination, a level change pattern pecu-
liar to the interference component in which its level sharply
falls after sharply rising in the azimuth direction, can be
extracted. In this case, it becomes possible to only extract the
interference component accurately compared to the conven-
tional method which applies the pattern with the lowest level
out of several sweeps (e.g., three sweeps) (the method in
which because the interference removal is performed for the
entire echo data, the pulse compression and signal phase
cannot be used).

If a threshold is calculated every time as described in
JP2008-096337A, for example, a method for keeping a plu-
rality of sweep data on a time axis about a certain position and
setting a signal level in an arbitrary order from the highest
level signal as a reference (taking an order statistics) may be
considered. In contrast, the method of this embodiment does
not require such complicated processing.
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Moreover, in the signal processing device of this embodi-
ment, not only the three data of the sweeps (the observing
sweep, and adjacent sweeps to the observing sweep) but also
a larger number of data of sweeps may be used. For example,
it is determined as interference when the level change pattern
between data x(n—4) of a sweep n-4 (two sweeps before the
data x(n-2) of the observing sweep n-2) and data x(n-3) of a
sweep n—3 (immediate previous sweep of the data x(n-2) of
the observing sweep n-2) is the pattern P, when the level
change pattern from the data x(n-3) to the data x(n-2) is the
pattern Z, and when the level change pattern from the data
x(n-2) to the data x(n-1) is the pattern Z. It may also be
determined as interference when the level change pattern
between the data x(n—3) and the data x(n-2) is the pattern Z,
when the level change pattern between the data x(n-2) and the
datax(n-1) is the pattern Z, and when the level change pattern
between the data x(n-1) and the data x(n) is the pattern N.
Thus, the continuous interference component in the azimuth
direction can be detected.

Moreover, if the plurality of continuous level change pat-
terns in the azimuth direction are continuously the pattern P,
it can be determined as the interference components. For
example, it may be determined as interference when the level
change pattern from the data x(n-4) to the data x(n-3) is the
pattern P, and the level change pattern from the data x(n-3) to
the data x(n-2) is the pattern P. It may also be determined as
interference when the level change pattern from the data
x(n-3) to the data x(n-2) is the pattern P, and the level change
pattern from the data x(n-2) to the data x(n-1) is the pattern
P.

If the plurality of continuous level change patterns in the
azimuth direction are continuously the pattern N, it can be
determined as the interference components. For example, it
may be determined as interference when the level change
pattern from the data x(n-3) to the data x(n-2) is the pattern
N, and the level change pattern from the data x(n-2) to the
data x(n-1) is the pattern N. It may also be determined as
interference when the level change pattern from the data
x(n-2)tothe datax(n-1) is the pattern N, and the level change
pattern from the data x(n-1) to the data x(n) is the pattern N.
In this case, the interference components having different
signal levels in the azimuth direction can be detected.

The signal processing device of this embodiment be con-
figured taking level changes in the distance direction into
consideration. For example, the level change detecting mod-
ule may average the level changes in each azimuth by using
signals in the distance direction. In this case, the pattern
output module compares the averaged level change with the
level change pattern. Alternatively, adjacent level changes in
the distance direction may further be detected, and output the
most frequent level change pattern within a predetermined
distance range, as the level change pattern in each azimuth
and distance.

Hereinafter, another embodiment of the invention is
described in detail with reference to the accompanying draw-
ings.

FIG. 1A is a block diagram showing a configuration of a
radar apparatus that is built therein with a signal processing
device of the claims. The radar apparatus is installed in, for
example, a ship (hereinafter, it may be referred to as “the ship
concerned” or may be simply referred to as “the ship”), and
transmits and receives electromagnetic waves around the ship
s0 as to detect a target object such as another ship.

In FIG. 1A, the radar apparatus includes a transmitter 10
(magnetron), an antenna 11, a receiver 12, an A/D converter
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13, a sweep memory 14, a signal processor 15, an image
converter 16, a rectangular coordinate memory 17, and a
display unit 18.

The radar apparatus introduces an electromagnetic wave
(transmission signal) outputted from the transmitter 10 to the
antenna 11 via a circulator (not illustrated), and discharges
the electromagnetic wave in each azimuth around the ship. A
reception signal from outside is received by the antenna 11
and introduced to the receiver 1 2 via the circulator.

The receiver 12 includes, as its function, a signal input unit
121 and a signal level detector 122. The signal input unit 121
is inputted with the reception signal and outputs it to the
signal level detector 122. The signal level detector 122 detects
alevel of the reception signal in association with distance and
azimuth from the antenna 11, and outputs to the A/D con-
verter 13a value corresponding to the level of the reception
signal. The A/D converter 13 converts the inputted reception
signal of an analog value into a digital value and outputs it to
the sweep memory 14 as measurement data.

The sweep memory 14 stores the measurement data for one
measurement cycle (for 360° around the ship). Each measure-
ment data is associated with an azimuth and a distance in a
polar coordinate system, and stored as sample data (sweep
data) of'a complex signal having phase information.

The signal processor 15 performs a pulse compression on
the sweep data of each azimuth by a correlation calculation
with a predetermined pulse compression coefficient (created
based on the transmission signal, and here, same as the trans-
mission signal). An interference component is detected from
the pulse-compressed sweep data, and processing of remov-
ing the interference component is performed. By the above
processing, the signal processor 15 updates the sweep data.

After this signal processing, the image converter 16 is
inputted with the sweep data from the sweep memory 14,
converts it to be in association with a rectangular coordinate
system having a position of the ship as its origin, and outputs
it as a pixel intensity value of a gradation corresponding to the
level of each sweep data. The pixel intensity value of the
rectangular coordinate system is stored in the rectangular
coordinate memory 17 as rectangular coordinate data.

The display 18 reads out the rectangular coordinate data
stored in the rectangular coordinate memory 17 and displays
it as a radar image (echo image) as shown in FIGS. 9A to 9D.
In this embodiment, an example where a background color is
alight color (e.g., white) and pixels with higher pixel intensity
values are displayed in darker colors in gray scale is
described. Conversely, the background color may be a dark
color (e.g., black) and the pixels with higher pixel intensity
values may be displayed in lighter colors in the gray scale.
Alternatively, they may be displayed as a color image.

The reception signal received by the antenna 11 includes an
echo signal obtained by the electromagnetic wave reflecting
on the target object, and, in some cases, also an interference
component which is an electromagnetic wave discharged
from, for example, another ship. The interference component
has a characteristic in which its level sharply rises and then
sharply falls in an azimuth direction. Although the interfer-
ence component is extended in a distance direction after the
pulse compression, the characteristic in which its level
sharply falls after sharply rising in the azimuth direction does
not change. Therefore, when the reception signal includes the
interference component, a long and thin echo image extend-
ing in the distance direction is displayed even if the pulse
compression is performed.

Thus, the radar apparatus of this embodiment detects the
interference component by the signal processor 15 and per-
forms a level reduction thereof (e.g., zero-replacement pro-

10

15

20

25

30

35

40

45

50

55

60

65

8

cessing). When the zero-replacement processing is per-
formed, an image with a lack of echo image in the zero-
replaced part is displayed and the display quality degrades.
Therefore, processing of interpolating the sweep data in the
azimuth direction is performed. As a result, the image con-
verter 16 is only inputted with the sweep data of which only
the interference component is reduced, and the echo image
where only the interference component is accurately removed
is displayed on the display unit 18.

Hereinafter, the processing contents of the radar apparatus
is described in detail with reference to the flowchart in FIG. 7.
First, the radar apparatus discharges the electromagnetic
wave from the antenna 11 according to the transmission sig-
nal outputted from the transmitter 10, and receives the recep-
tion signal by the antenna 11 (S11). Next, the receiver 12 is
inputted with the reception signal received by the antenna 11
(S12), and performs level detection processing of outputting
a value corresponding to the level of the reception signal
(S13). The value corresponding to the level of the reception
signal is converted into the digital value and stored in the
sweep memory 14. Lastly, the signal processor 15 performs
the pulse compression, an interference detection, an interfer-
ence removal, and interpolation processing by the functional
components shown in FIGS. 1B and 1C.

FIG. 1B is a block diagram showing a configuration of the
signal processor 15. The signal processor 15 includes a pulse
compressor 151, an interference detector 152, an interference
removing module 153 (signal level controlling module in the
claims), and an interpolation processing module 154.

The pulse compressor 151 is a matched filter to which the
transmission signal is set as a filter coefficient (FIR filter),
correlates the inputted sweep data (reception signal) with the
transmission signal, and performs the pulse compression
(S14). The pulse compression is performed for every sweep
(for each sweep data). The pulse-compressed sweep data is
inputted to the interference detector 152.

FIG. 1C is a block diagram showing a configuration of the
interference detector 152. The interference detector 152
includes a sweep buffer 51, an amplitude detecting module
521, an amplitude detecting module 522, a level change
detecting module 53, a pattern output module unit 54, a pat-
tern buffer 55, and an interference detecting module 56. The
signal processor 15 detects the interference component con-
tained in the pulse-compressed sweep data and performs the
level reduction by these components.

The pulse-compressed sweep data is inputted to the sweep
buffer 51. Since the pulse compression is performed for every
sweep, the sweep buffer 51 is inputted with new sweep data
every time the pulse compression of each sweep is performed.
In this example, the sweep buffer 51 stores sweep data for
previous two sweeps (data of a sweep n—1 and data of a sweep
n-2).

An amplitude (level) of data of a current sweep n is
detected by the amplitude detecting module 521, and an
amplitude (level) of data of the sweep n-1 immediately pre-
vious to the current sweep n is detected by the amplitude
detecting module 522. Data of the sweep n-2 which is two
sweeps before the sweep n is inputted to the interference
removing module 153.

The level change detecting module 53 is inputted with the
amplitude data of the sweep n and sweep n-1 from the ampli-
tude detecting modules 521 and 522, and detects a level
change between the data of the sweeps at each distance (S15).
Regarding the same distance, when the amplitude data of the
sweep 1 is x(n) and the amplitude data of the sweep n-1 is
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x(n-1), thelevel change detecting module 53 obtains the level
difference between the sweeps x(n)-x(n-1) for all the
samples.

Next, the pattern output module 54 classifies the level
change between the sweeps obtained by the level change
detecting module 53 into one of a plurality of patterns (S16).
FIGS. 3A to 3D are charts showing the patterns of the level
change between the samples of the sweeps. As shown in
FIGS. 3A to 3D, the pattern output module 54 classifies the
level change between the sweeps into one of three patterns
determined by the following Statement (1).

if x(n) —x(n— 1) < thresholdN then PaternN
else if x(n)—x(n— 1) > thresholdP then PaternP

M

else PaternZ

Specifically, as shown in FIG. 3A, the pattern output mod-
ule 54 classifies the level change as a pattern P (positive
change) when the level of the sample x(n) of the next sweep
is higher than the level of the data x(n-1) of the sweep n-1 by
over a predetermined value (when the level difference is
larger than a predetermined threshold threshold P). Note that,
“threshold P” in other figures indicates that the level difter-
ence between the samples of the sweeps is the value of thresh-
old P or larger.

As shown in FIG. 3B, the pattern output module 54 clas-
sifies the level change as a pattern N (negative change) when
the level of the data x(n) is lower than the level of the data
x(n-1) by over a predetermined value (when the level differ-
ence is smaller than a predetermined threshold threshold N).
Note that, threshold P>threshold N, and “threshold N in
other figures indicates that the level difference between the
sweeps is the value of threshold N or smaller. As shown in
FIGS. 3C and 3D, when the level change is not applicable to
the pattern N nor pattern P (i.e., when the level change
between the sweeps is small), it is classified as a pattern Z.

Each level change pattern classified as above is outputted to
the patter buffer 55 to be stored. The pattern buffer 55 stores
three level change patterns in the past. Specifically, the pat-
tern buffer 55 stores a level change pattern from a sweep n—4
to a sweep n-3, a level change pattern from the sweep n-3 to
the sweep n—-2, and a level change pattern from the sweep n-2
to the sweep n—1. Since each level change pattern is one of the
three kinds of patterns P, N and Z, only a resolution of 2 bits
is required, which is significantly smaller than the number of
bits of the conventional level resolution for a reception signal
(e.g., 16 bits). Therefore, a memory with a high capacity for
the interference detection is not needed.

The interference determining module 56 is inputted with a
level change pattern from the sweep n-1 to the sweep n
acquired in a current update, in addition to the three previous
level change patterns stored in the pattern buffer 55.

The interference determining module 56 performs interfer-
ence determination on each sample data (sample) of the
observing sweep data n-2 based on the plurality of level
change patterns inputted from the pattern buffer 55 (S17).

FIGS. 4A to 5D are charts showing level change patterns
determined as interference. The interference determining
module 56 determines whether the data x(n—-2) of the observ-
ing sweep n-2 is interference based on the level change
pattern of a plurality of samples continuous in the azimuth
direction (in this example, five adjacent samples) (S18).

When the level change of the observing sweep from the
immediate previous sweep to the observation sweep is the
pattern P and the level change from the observation sweep to
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the next sweep is the pattern N as shown in FIG. 4A, the
interference determining module 56 determines as interfer-
ence regardless of the level change of the other portions (from
the sample of the sweep n-4 to the sample of the sweep n-3,
and from the sample of the sweep n-1 to the sample of the
sweep n).

Interference has the characteristic in which its level sharply
falls after sharply rising in the azimuth direction. Therefore,
the interference determining module 56 can accurately
extract only the interference component by extracting the
level change pattern peculiar to interference.

When the level change of the observing sweep from the
immediate previous sweep to the observation sweep is the
pattern Z and the level change from the observation sweep to
the next sweep is the pattern N as shown in FIG. 4B, the
interference determining module 56 determines as interfer-
ence regardless of the level change of the other portions.
When the level change of the observing sweep from the
immediate previous sweep to the observation sweep is the
pattern P and the level change from the observation sweep to
the next sweep is the pattern Z as shown in FIG. 4C, the
interference determining module 56 determines as interfer-
ence regardless of the level change of the other portions.

When both the level change of the observing sweep from
the immediate previous sweep to the observation sweep and
the level change from the observation sweep to the next sweep
are the pattern Z and the change pattern from the data x(n—4)
to the data x(n-3) is the pattern P as shown in FIG. 4D, the
interference determining module 56 determines as interfer-
ence. Similarly, when both the level change of the observing
sweep from the immediate previous sweep to the observation
sweep and the level change from the observation sweep to the
next sweep are the pattern Z and the change pattern from the
data x(n—1) to the data x(n) is the pattern N as shown in FIG.
4E, the interference determining module 56 determines as
interference. Thus, the interference when substantially the
same levels continue in the azimuth direction can also be
detected.

Additionally, it may also be determined as interference
when the change pattern continues to be the pattern P or the
pattern N in the azimuth direction as follows. Specifically, the
interference determining module 56 determines as interfer-
ence when, as shown in FIG. 5A, the level change pattern
from the data x(n-4) to the data x(n-3) is the pattern P and the
level change pattern from the data x(n-3) to the data x(n-2) is
the pattern P, or when, as shown in FIG. 5B, the level change
pattern from the data x(n-3) to the data x(n-2) is the pattern
P and the level change pattern from the data x(n-2) to the data
x(n-1) is the pattern P. Furthermore, it is also determined as
interference when, as shown in FIG. 5C, the level change
pattern from the data x(n-3) to the data x(n-2) is the pattern
N and the level change pattern from the data (x-2) to the data
x(n-1) is the pattern N. It is also determined as interference
when, as shown in FIG. 5D, the level change pattern from the
data x(n-2) to the data x(n-1) is the pattern N and the level
change pattern from the data x(n-1) to the data x(n) is the
pattern N. In these cases, interference having difference levels
in the azimuth direction can be detected.

The number of sweep data used for the determination is not
limited to the above example. For example, the interference
determination can also be performed by setting the sweep n—1
as the observing sweep and using three sweeps including the
observing sweep n—1, the current sweep n, and the sweep n-2
which is two sweeps before the sweep n. In this case, among
the functional components in FIG. 1C, the sweep buffer 51
stores only the data of the sweep n—1 and outputs it to the
interference removing module 153. The pattern buffer 55
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stores only one level change pattern in the past (e.g., the level
change pattern from the sweep n-2 to the sweep n-1). The
interference determining module 56 is inputted with the level
change pattern from the sweep n-2 to the sweep n—1 and the
level change pattern from the sweep n-1 to the sweep n
acquired from the current update.

When the three sweep data is used, the interference deter-
mination is performed as follows. For example, as shown in
FIG. 6 A, when the level change pattern from the data x(n-2)
to the data x(n-1) is the pattern P and the level change pattern
from the data x(n-1) to the data x(n) is the pattern N, it is
determined that interference has occurred in the data x(n-1)
of the observing sweep n-1.

Since interference may occur continuously for a plurality
of times in the azimuth direction, it may also be determined
that interference has occurred when the change pattern from
the data x(n-2) to the data x(n—1) is the pattern Z and the level
change pattern from the data x(n-1) to the data x(n) is the
pattern N as shown in FIG. 6B, or when the change pattern
from the data x(n-2) to the data x(n-1) is the pattern P and the
level change pattern from the data x(n-1) to the data x(n) is
the pattern Z as shown in FIG. 6C.

A configuration may be adopted, which changes a mode of
the determination between a case where the determination is
performed with the three sweep data and a case where the
determination is performed with the five sweep data accord-
ing to the occurrence frequency of interference. For example,
the determination is normally performed with the five sweep
data, and when a plurality of continuous samples in the azi-
muth directionis determined as interference, it switches to the
determination with three sweep data.

In the above example, although only the level changes in
the azimuth direction are taken into consideration, the deter-
mination may be performed by taking the level changes in the
distance direction into consideration. In this case, a change
pattern is calculated, for example, using a sample averaged in
the distance direction, as the following Statement (2).

[ if
Welse if

| else

1 ¥ 2
WZ {x(n) — x(n — 1)} < thresholdN then PaternN

P
WZ {x(n) — x(n — 1)} > thresholdP then PaternP

PaternZ

Inmany cases, interference causes high level signals over a
plurality samples in the distance direction, in addition to
having the characteristic in which its signal level sharply falls
after sharply rising in the azimuth direction. Therefore, the
level change detecting module 53 averages the level changes
among the samples by using the signals in the distance direc-
tion. The pattern output module 54 classifies the averaged
level change into one of a plurality of patterns, and as in
Statement (2), calculates the change patterns using the sample
obtained by averaging a plurality of samples in the distance
direction. By using such a configuration, falsely detecting a
low level signal that is short in the distance direction as
interference can be prevented.

Further, the determination may be performed by taking the
level changes in the distance direction shown in FIGS. 8A and
8B into consideration. Here, as shown in FIG. 8A, the level
change detecting module 53 detects a level change between
samples adjacent to each other in the azimuth direction. The
pattern output module 54 classifies the level change in the
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azimuth direction into one of a plurality of patterns (patterns
P, N and 7). Further, as shown in FIG. 8B, the level change
detecting module 53 also detects the level change between
samples adjacent to each other in the distance direction, for
each of the samples in the azimuth direction. Further, the
pattern output module 53 classifies the level change in the
distance direction into one of a plurality of patterns (patterns
P,N and 7).

Moreover, with reference to a plurality of level change
patterns (e.g., six adjacent patterns) in the distance direction
for each sample, the pattern output module 54 classifies the
most frequent level change pattern as the change pattern for
the azimuth direction. For example, as shown in FIG. 8A, for
a certain observing sample, even if a level change pattern
from a sample of a sweep immediately previous to the observ-
ing sample is the pattern P, as shown in FIG. 8B, the pattern
output module 54 replaces the pattern P by the pattern Z
which is the most frequent level change pattern among the six
adjacent patterns in the distance direction. As a result, the
observing sample which is to be falsely determined as inter-
ference (the change from the pattern N to the pattern Z) when
using only the determination in the azimuth direction can be
determined that it is not interference.

Furthermore, a determination of level changes in the dis-
tance direction may be performed in addition to the determi-
nation of the level changes in the azimuth direction. For
example, a sample is determined as interference when its
level change patterns in the azimuth direction change from
the pattern P to the pattern N, the pattern P to the pattern Z, or
the pattern Z to the pattern N, and the level change patterns in
the distance direction are the pattern Z.

Alternatively, without limiting the number of the observing
sample to only one, a plurality of samples in the azimuth and
distance directions may be used as observing samples and the
determination of interference may be performed based on a
two-dimensional level change pattern. In this case, the deter-
mination of interference is performed by storing the two-
dimensional level change pattern (reference) which is to be
determined as interference in a memory (not illustrated) in
advance and comparing the observing samples with the ref-
erence. Here, the fuzzy reasoning or the neural network may
be used as the pattern matching method.

Note that, in this embodiment, the thresholds (threshold P
and threshold N) of the level changes are fixed values. How-
ever, they may adaptively be changed. For example, when a
gain of a reception signal is changed between sweeps, the
threshold may be changed corresponding to the difference in
gain between the sweeps (i.e., the threshold considering a
gain ratio).

Further, the level changes of the sweep data adjacent to
each other in the azimuth direction and/or the distance direc-
tion are detected. However, alternatively, respective level
changes between two sweep data adjacent to each other may
be detected by ignoring (thinning out) data of, for example,
every other sweep.

Next, the interference removing module 153 performs the
level control processing (interference removing processing)
of the data of the sweep n-2 which is determined as interfer-
ence by the interference determining module 56 (S19).

The interference removing processing reduces the level of
the data determined as interference. Specifically, the zero-
replacement processing, the processing of replacing by one of
the adjacent data thereto in the azimuth direction, or the
processing of replacing by an average value of adjacent data
in the azimuth direction may be applied.

By performing such processing described above, the inter-
ference removing module 153 performs the interference
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removing processing of the sweep data corresponding to a
position determined as interference, and updates the sweep
data. Note that, for example, when the zero-replacement is
performed as the interference removing processing, an image
with a lack of echo image in the distance direction regarding
a certain azimuth is displayed, resulting in degrading the
display quality (e.g., see FIG. 9C).

Therefore, the interpolation processing module 154 inter-
polates the sweep data in the azimuth direction (S20).
Although the interpolation processing may be linear interpo-
lation in the azimuth direction or, as described above, the
replacement by one of the adjacent data in the azimuth direc-
tion or the replacement by the average value of the adjacent
data in the azimuth direction, it is preferred to interpolate by
performing a coherent integration as follows. Specifically, the
interpolation processing module 154 performs coherent inte-
gration on the interference-removed sweep data outputted
from the interference removing module 153. In the coherent
integration, a data row corresponding to a plurality of sweeps
at the same distance from the ship (the data row considered to
be coherent) is integrated for each sweep data. The coherent
integration may be simple addition (simple integration), or
may be digital filtering, such as FFT (Fast Fourier Transform)
or DFT (Discrete Fourier Transform).

This coherent integration is performed for each discrete
value of the sweep data, as well as for each sweep data in all
directions. When the relative speed of the target object is zero,
the echo signals from the target object have the same phase
between sweeps, and the level of the signal increases by the
coherent integration. When the target object has the relative
speed, the echo signal changes in its phase by a constant
amount between sweeps, and the level of the signal increases
by the digital filtering, such as the FFT or the DFT. However,
since the phase of a noise component generally changes ran-
dom in every sweep, the level of the noise component is
suppressed by the coherent integration. Therefore, the S/N
can be improved by performing the coherent integration.
Thus, since the coherent integration leads to similar result as
performing moving average processing in the azimuth direc-
tion, the zero-replaced signal in the interference removal is
averaged in the azimuth direction and is interpolated, as well
as the S/N is improved.

The effects caused from the pulse compression, interfer-
ence removal, and interpolation processing of this embodi-
ment are described with reference to FIGS. 9A to 9D. FIG. 9A
is a schematic view showing an echo image before the pulse
compression. FIG. 9B is a schematic view showing the echo
image after the pulse compression. FIG. 9C is a schematic
view showing the echo image after the interference removal.
FIG. 9D is a schematic view showing the echo image after the
interpolation processing.

As shown in the schematic views, the interference compo-
nent remains to have the characteristic in which its level
sharply falls after sharply rising in the azimuth direction.
Therefore, when the interference removal (e.g., zero-replace-
ment) is performed, the image with a lack of echo image in the
distance direction regarding a certain azimuth is displayed.
However, in the signal processing of this embodiment, the
level of the reception signal does not rapidly decrease regard-
ing a certain azimuth even if the interference removal is
performed after the pulse compression, due to performing the
coherent integration after the zero-replacement. Thus, an
appropriate pulse compression can be performed while sub-
siding the influence of interference.

In the above embodiment, the example of performing the
interference detection and removal after the pulse compres-
sion is shown; however, as shown in FIG. 2, interference
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detection and removal may be performed also before the
pulse compression. In this case, the signal processor 15
includes, in addition to the configuration of the signal proces-
sor 15 shown in FIG. 1B, an interference detector 155 for
inputting the reception signal (sweep data) and an interfer-
ence removing module 156 for removing the interference
component detected by the interference detector 155. In the
example of FIG. 2, the reception signal after the interference
removal (e.g., zero-replacement) by the interference remov-
ing module 156 is inputted to the pulse compressor 151 and
pulse compressed. The interference detector 155 has the simi-
lar configuration and function to the interference detector 152
shown in FIG. 1C, and the interference removing module 156
has the same configuration and function to the interference
removing module 153. Therefore, the configurations and
functions of the interference detector 155 and the interference
removing module 156 are omitted.

By performing the interference detection and removal
before the pulse compression as described above, in a situa-
tion where the echo from the target object is not included in
the reception signals (only noise) and the interference com-
ponent is contained in the reception signal, by the zero-re-
placement, an unnecessary component such as interference
will not be produced after the pulse compression. In this case,
since interference will not be detected in the interference
detection processing after the pulse compression, and there-
fore, another processing, such as interference removal, will
not be newly required after the pulse compression. Note that,
in the situation where the echo from the target object is
contained in the reception signal, the even when the interfer-
ence removing processing is performed before the pulse com-
pression, the signal will be partially lacked from the echo, and
there is a possibility that an unnecessary high level signal
other than the actual echo (two-dimensional interference) is
produced due to the correlation processing of the pulse com-
pression. Note that, even when such two-dimensional inter-
ference is produced as described above, by the interference
detection processing after the pulse compression, it will again
be detected as an interference component. Since the removing
processing and the interpolation processing are performed
based on this detection, an appropriate signal as an echo can
be obtained.

In the foregoing specification, specific embodiments of the
present invention have been described. However, one of ordi-
nary skill in the technique appreciates that various modifica-
tions and changes can be performed without departing from
the scope of the present invention as set forth in the claims
below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope of present invention. The benefits, advantages, solu-
tions to problems, and any element(s) that may cause any
benefit, advantage, or solution to occur or become more pro-
nounced are not to be construed as a critical, required, or
essential features or elements of any or all the claims. The
invention is defined solely by the appended claims including
any amendments made during the pendency of this applica-
tion and all equivalents of those claims as issued.

What is claimed is:

1. A signal processing device, comprising:

a signal input unit configured to receive reception signals
obtained from transmission signals reflecting on one or
more objects;

a pulse compressor configured to pulse compress the
reception signals;
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an interference detector configured to detect a reception
signal caused by interference, from the pulse-com-
pressed reception signals;

a signal level controller configured to control a level of the
detected reception signal; and

an interpolation processing module configured to interpo-
late the level-controlled reception signal in an azimuth
direction.

2. The device of claim 1, wherein the interpolation process-
ing module interpolates the level-controlled reception signal
in the azimuth direction by integrating the level-controlled
reception signals.

3. The device of claim 1, wherein the interference detector
also detects a signal caused by interference before the pulse
compression, from the reception signals inputted into the
signal input unit, and

the signal level controller controls the level of the reception
signal detected by the interference detection before the
pulse compression.

4. The device of claim 1, wherein the interference detector

includes:

alevel change detecting module configured to detect alevel
change between the reception signals from sampling
locations close to each other where the distances from an
antenna are substantially the same but the azimuths from
the antenna are different, the antenna receiving the
reception signals;

a pattern output module configured to compare the level
change with a predetermined reference pattern and out-
putting a level change pattern; and

an interference determining module configured to deter-
mine the interference based on at least two of the level
change patterns.

5. The device of claim 4, wherein the pattern output module
compares the level change of the reception signals from adja-
cent sampling locations with the predetermined reference
pattern.

6. The device of claim 4, wherein the pattern output module
classifies the pattern into one of a first pattern in which the
level change exceeds a first threshold, a second pattern in
which the level change is below a second threshold, and a
third pattern in which the level change applies to neither the
first pattern nor the second pattern.

7. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when the pattern changes from the first pattern to the
second pattern.

8. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when the pattern changes from the first pattern to the
third pattern.

9. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when the pattern changes from the third pattern to the
second pattern.

10. The device of claim 4, wherein the level change is based
on a difference value between the levels of the reception
signals adjacent to each other in the azimuth direction.
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11. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when the third pattern following the first pattern and
a group of at least two of the third patterns exist continuously.

12. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when a group of at least two of the third patterns exist
continuously and the second pattern following the third pat-
tern exists.

13. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when a group of at least two of the first patterns
continuously exist.

14. The device of claim 6, wherein the interference deter-
mining module outputs an identified signal indicating inter-
ference when a group of at least two of the second patterns
continuously exists.

15. The device of claim 1, wherein the level change detec-
tor averages the level changes in the distance direction, and

the pattern output module compares the averaged level
change with the level change pattern.

16. The device of claim 1, wherein the level change detec-
tor further detects a level change between the reception sig-
nals from locations close to each other where the azimuths
from an antenna are substantially the same but the distances
from the antenna are different, the antenna receiving the
reception signals, and

the pattern output module outputs the most frequent level
change pattern within a predetermined distance range as
the level change pattern for the azimuth and the distance.

17. The device of claim 1, wherein the level change detec-
tor further detects a level change between the reception sig-
nals from locations close to each other where the azimuths
from an antenna are substantially the same but the distances
from the antenna are different, the antenna receiving the
reception signals, and

the interference determining module further determines
interference based on a plurality of level change patterns
close to each other in the distance direction.

18. The device of claim 1, wherein the signal level control-
ling module performs zero conversion on the level of the
reception signal caused by interference.

19. A radar apparatus, comprising:

an antenna for discharging transmission signals using elec-
tromagnetic waves respectively in each azimuth, and
configured to receive signals obtained by reflecting on
one or more objects;

a pulse compressor configured to pulse compress the
reception signals;

an interference detector configured to detect a signal
caused by interference from the pulse-compressed
reception signals;

a signal level controller configured to control a level of the
reception signal caused by interference that is detected
by the interference detector; and

an interpolation processing module configured to interpo-
late the level-controlled reception signal in an azimuth
direction.



